was shown to reduce porosity (1.04 to 0.02%) and surface roughness (34 ± 8 to 22 ± 3 μm).
ABSTRACT: Additive manufacturing (AM) technologies enable greater geometrical design 1 freedom compared with subtractive processes. This flexibility has been used to manufacture 2 patient-matched implants. Although the advantages of AM are clear, the optimization at 3 each process stage is often understated. Here we demonstrate that surface finishing of 4 selective laser melted (SLM) implants significantly alters topography, which has implications 5 for cellular and biofilm adhesion. Hot isostatic pressing of as-fabricated Ti-6Al-4V implants 6 was shown to reduce porosity (1.04 to 0.02%) and surface roughness (34 ± 8 to 22 ± 3 μm). 7 Despite these surface changes, preosteoblasts exhibited a similar viability and proliferation 8 after 7 days of culture. Contrastingly, sandblasting and polishing significantly reduced 9 cellular activity and increased cytotoxicity. Bacterial specimens (Staphylococcus aureus, 10 Staphylococcus epidermidis and Pseudomonas aeruginosa) adhered more homogeneously 11 to sandblasted implants compared with other treatments. This suggests that sandblasting 12 may place the implant at risk of infection and reduce the strength of interaction with the 13 surrounding soft tissues. The ability to tune the adhesion of cells to additively manufactured 14 Ti-6Al-4V implants using postprocessing methods was demonstrated. Because the degree of 15 tissue integration required of implants is application specific, these methods may be useful 16 to tailor osseointegration. However, surface competition between mammalian and bacterial 17 cells remains a challenge. gradient structures, and internal features using AM is an attractive concept to many 7 industries, including medical, automotive, and aerospace. 8 There is a clinical need for patient bespoke implants, particular in anatomical regions that 9 vary significantly between patients, which has led to a surge in the development of 10 subtractive and AM technologies for customized implant manufacture.3−5 In recent years, 11 the ability of AM to add further value to such prostheses has begun to be realized. For 12 example, tailoring of the implant surface to facilitate osseointegration,6,7 lattice structure 13 optimization to minimize stress shielding,8,9 and manipulation of implant geometry to 14 enable incorporation of therapeutically loaded materials.10 15 Although the advantages of AM are clearly presented, the complexities and optimization implants (stainless steels, cobalt chromium molybdenum alloys, and titanium alloys), 22 researchers typically use laser-based AM systems. These include selective laser 23 sintering,12,13 selective laser melting (SLM),10,14−16 and electron beam melting. 8, 17 In 24 each of these techniques a different mechanism is used to fuse the metallic powder 25 particles together. For SLM, the thermal energy of the laser beam is used to melt the 26 particles, which then consolidate to form the part geometry. This process is conducted 27 layer-by-layer in an inert atmosphere to prevent oxidation of the metals. Because the part is 28 surrounded by unconsolidated powdered stock material during building, it is necessary to 29 manufacture support structures that prevent collapse during the build.
30
Post fabrication, the support structures must be removed, usually by machining or wire 31 cutting. It may also be necessary to conduct post fabrication processing to address inherent 32 issues associated with the AM process, and/or tailor the performance of the part to the 1 intended application. Two designs of cylinders ( Figure 1a ) were used to produce implant models. A hole was 31 introduced into the cylinder to mimic a typical design feature that may be found on an 32 implant, e.g., for the purpose of fixation or filling of the implant with a secondary material 1 containing a therapeutic entity.10 These two designs were considered to assess whether 2 additional features may affect the surface properties and, in turn, cellular adhesion 3 properties of parts additively manufactured using selected laser melting (SLM). The implant 4 models were produced using the same method and process parameters as our previous 5 study. 25 Briefly, cylinders were fabricated from Ti-6Al-4V gas atomized powder (TLS, 6 Technik, Germany) sized 20−50 μm using a M2 Cusing SLM system (Concept Laser, 7 Germany), which employs an Nd:YAG laser. This system operates an island scanning strategy As-fabricated (AF) parts were then processed using HIPing (referred to as HIP in figures).
16
Following HIPing, samples were further modified by sandblasting (SB) or polishing (P). SB commonly used as a standard procedure in industrial SLM operations to improve the surface 28 finish, it was applied to remove the residual partially melted particle powder on the surface.
29
The polishing process was performed using a centrifugal disc finishing machine (Finishing 30 Techniques Ltd., FINTEK). This is a two-stage wet polishing process, using first aluminum 1 oxide balls (6−10 mm), followed by plastic grinding chips (6−10 mm) as the media to deburr 2 and polish the parts, with total process duration of 7 h. All parts were cleaned using 3 compressed air, an ultrasonic bath, and isopropyl alcohol. Further cleaning was also 4 undertaken before biological tests to sterilize the parts (Section 2.3). attached to an aluminum stub using double adhesive carbon tabs. As-fabricated and surface treated parts were scanned using a Skyscan1172 microcomputed Single factor analysis of variance (ANOVA) tests were conducted to assess any significance 10 within groups (i.e., between samples of the same treatment and design). This was used as The base medium used for in vitro work was Alpha Minimum Essential Media (α-MEM) with 27 sodium bicarbonate, ribonucleosides and deoxyribonucleosides (M426, Sigma, UK). The viability of cells after culturing for 1, 3, and 7 days were analyzed by staining with Alamar blue dye was then added and the plates were placed in an incubator at 37 °C for 4 h. (Figures 3 and 7c) . Therefore, this may suggest that 5 contaminated blast media was embedded onto the SB surfaces, which may have increased 6 the propensity for these surfaces to be colonized. As an aside observation, during contact 7 angle measurements it was noted that the water droplet quickly (<1 min) flattened on SB 8 surfaces, which may suggest that it penetrated the AM part. Other authors have reported 9 higher but still hydrophilic, contact angles (55−65°) for sandblasted titanium surfaces,45 10 which may support the assertion that the contact angle reported here (7.90 ± 1.65°) for SB 11 surfaces after 1 min was skewed due to water penetration. Regardless, these results suggest 12 that sandblasting may put implant surface at greater risk of bacterial adhesion if the blast 13 media is not sufficiently removed. The authors declare no competing financial interest. 
